It was therefore decided to use a solution containing less electrolyte, and half-strength Darrow's solution was found to be most suitable. It is important, therefore, for persons engaged in rehydrating babies in developing countries to be acquainted -with the clinical presentation of children with hypertonic dehydration, and to avoid using hypertonic solutions such as normal saline or full-strength Darrow's solution intraperitoneally in these babies.
Introduction
Adriamycin is a new antibiotic isolated in 1967 in the Farmitalia Research Laboratories from cultures of a mutant Streptomyces peucetius (Streptomyces peucetius caesius). The chemical structure of this compound (Arcamone, Cassinelli, Di Marco, and Gaetani, 1967) is very similar to that of daunomycin, from which is differs only in the substitution of a hydrogen atom with a hydroxyl group on the acetyl radical ( Fig. 1) . In acid media adriamycin is split into two components, a red pigmented water-insoluble aglycone (adriamycinone) and a water-soluble basis-reducing amino-sugar (daunosamine). Adriamycin belongs to the anthracycline group, as do daunomycin and rubidomycin (daunorubicin). The preliminary pharmacological studies were carried out by Di Marco, Gaetani, and Scarpinato (1969) at the National Cancer Institute of Milan. Adriamycin shows in some mouse and rat tumours a pronounced inhibitory effect on neoplastic proliferation followed by increased survival. Comparative studies showed that at equitoxic doses (2 and 2x5 mg. of adriamycin per kg. and 2-6 and 3 25 mg. of daunomycin per kg.) the survival time in C3H mice bearing lymphosarcoma was higher in animals given adriamycin, while the inhibiting dose (ID,0) was found to be 15 and 3-3 mg./kg. for adriamycin and daunomycin, respectively. The conclusion from these preliminary pharmacological studies is that adriamycin has a higher therapeutic index (1-25) than daunomycin (0 67). Furthermore, a lesser degree of leucopenia was observed in rabbits with adriamycin than with daunomycin, with the same dosage. A mild tachycardia without electrocardiographic abnormalities was recorded only in those rabbits controlled after two months (Bertazzoli, Chieli, Dell'Oro, Ferni, and Ricevuti, 1968) .
The initial studies in man were started in the Clinical Chemotherapy Unit of the National Cancer Institute of Milan in September 1968. Up until May 1969 46 patients had been investigated. The pharmacological effects of the drug (dosage, therapeutic schedule, and toxicity) have been described in detail elsewhere (Bonadonna and Monfardini, 1969b) .
From the present study adriamycin appears to be a drug which can produce a prompt effect in different types of neoplastic diseases with lower doses than those used with daunorubicin. The initial toxicity is mainly represented by extensive ulcers of the oral mucosa followed almost immediately by bone marrow depression and alopecia. In Besides blood counts, bone marrow aspiration, serum uric acid, and liver and renal function tests, electrocardiograms (E.C.G.) were systematically recorded before drug administration and then once or twice weekly during treatment and in particular immediately after the onset of toxicity.
Drug and Mode of Administration
Adriamycin (a reddish powder supplied in 20-mg. phials and freely soluble in distilled water, physiological saline, or 5% dextrose in water) has always been given as a rapid single intravenous injection. We gave the drug in three different doses: 0 4 mg./kg., especially to patients previously treated with other anticancer drugs; 0 65 mg./kg. to untreated adults ; and 0 8 mg./kg. mostly to children. Three dose schedules, irrespective of the single dose per kilogramme, were also used:
(1) Loading-dose Schedule.-After an initial dose for four consecutive days the drug was stopped for three days and then restarted once or twice weekly until side-effects occurred.
(2) Alternate-day Schedule.-The drug was injected every other day for four to six doses and then after a three-day interval once or twice weekly until the first sign of toxicity appeared.
(3) Intermittent-dose Schedule.-The drug was injected daily for three consecutive days. After a four-day rest period this course was repeated. After another four-day rest period adriamycin was restarted once or twice weekly until side-effects were evident.
After the patient had recovered from toxicity a maintenance dose was given to most of the patients in the form of one or two injections a week. In five children (four with neuroblastomas and one with an embryonal tumour of the abdomen), after inducing tumour regression with adriamycin, the lesions were irradiated. During this study an adequate dose of adriamycin was defined as that inducing the first sign of toxicity.
Assessment of Results
The criteria of drug response were always those of objective regression of neoplastic lesions as measured on examination, x-ray films, or bone marrow examination. For patients with acute leukaemia the criteria of the Midwest Cooperative Chemotherapy Study Group (Hewlett et al., 1964) were used. For solid tumours Karnofsky's (1961) criteria were adoptedthat is, objective improvement for less than one month, for more than one month but with regression less than half of the initial volume, and for more than one month but with a reduction greater than half.
Results
The types of neoplastic diseases in children and adults treated with adriamycin and the number of responsive cases are summarized in Tables I, II , and III. Acute Leukaemia
Three children with acute lymphoblastic leukaemia had been previously treated with other conventional agents. Of these, one had relapsed after treatment with methotrexate; she had a complete haematological remission (marrow 1) after a few small doses of adriamycin (total 185 mg./kg.) (Fig. 2) Of the two adults with acute leukaemia, one was untreated (Fig. 3) , while the other was in relapse after receiving a course of corticosteroids, methotrexate, and mercaptopurine in another hospital. Both these patients received the same dose of adriamycin (0-65 mg./kg. X 7) with about the same schedule, but despite the prompt reduction in peripheral white blood cells the percentage of blasts and leukaemic cells in the marrow remained unchanged. In both patients stopping the drug led to a prompt increase in the peripheral leukaemic cells, while in one patient (Fig. 3) The patient with chronic lymphocytic leukaemia received a course of adriamycin 0 4 mg./kg. every other day for a total of seven doses (total 2-8 mg./kg.). In this instance the prompt and complete regression of splenomegaly and hepatomegaly was followed by a more gradual fall of the peripheral leucocyte count within 18 days (from 20,000 to 6,400/cu. mm.).
Malignant Lymphomas
A total of six patients were treated (one child and five adults), and of these five responded within a short time (about two weeks). The drug was effective in reducing lymphadenopathy, hepatomegaly, and splenomegaly. With the exception of a child with lymphosarcoma who died within a short period of time from pericardial and pleural effusions, the regressions in tumour size were greater than half of the initial volume.
Other Solid Tumours
Adriamycin had the greatest effect in children. A prompt regression which was greater than half of the initial volume occurred in the tumours of four out of five children with neuroblastoma. In particular, complete disappearance of pulmonary metastases occurred in one child who was still in remission five months later. Good results also occurred in cases of Wilms's tumour, fibrosarcoma, and in one instance of embryonic tumour of the abdomen. The duration of regression, however, was usually short-lived in these cases.
In the adult group consistent regressions were observed in one patient with carcinoma of the oral cavity, in two with carcinoma of the gastrointestinal tract, in one with rhabdomyosarcoma, and another with choriocarcinoma. As was the case with the children, the duration of remission was short-lived despite maintenance therapy. One patient with a recurrent carcinoma of the caecum was given maintenance treatment of adriamycin (0 4 mg./kg. every three weeks) after a reduction in size of the abdominal mass had been induced, and in this instance the disease remained under control for about six months.
Toxicity
All the patients showed signs of toxicity. Mouth lesions and alopecia with cessation of beard growth occurred in all cases, while leucopenia developed in more than two-thirds of the total number (Bonadonna et al., 1969) . Diarrhoea occurred in five cases, fever in six, and thrombophlebitis at the site of injection surrounded by a painful indurated area in five. In 22 out of 46 patients ulceration of the oral mucosa was the first sign of toxicity, irrespective of the total dose and the schedule given. This sign of toxicity occurred in only three out of 13 children. Stomatitis was followed almost immediately (average one to three days) by leucopenia.
In the present series the mean total dose required to produce the first sign of toxicity was lower in those patients treated with adriamycin 0 4 mg./kg. (2-6 mg./kg.) and 0 65 mg./kg. (3-6 mg./kg.) than in those given 0-8 mg./kg. (4 4 mg./kg.). This could in part be explained by the fact that in the first two groups the average age of the patients was 47 and that most of those treated with adriamycin 0 4 mg./kg. had already received one or more courses of chemotherapy. On the other hand, the group of patients given 0 8 mg./kg. included most of the children who, in addition to the patients with acute lymphoblastic leukaemia, had not been treated previously. When considering the drug tolerance in relation to the three different schedules used, the mean initial total dose required to produce the first sign of toxicity was lower in the group receiving the initial treatment on alternate days (3-1 mg./kg.) than in that receiving the intermittent-dose schedule (4 6 mg./kg.). In those receiving the loading-dose schedule the mean initial toxic schedule wassignificant rise in the level of serum uric acid was found, but six out of nine patients with acute or chronic leukaemia received allopurinol throughout the period of drug administration. E.C.G. changes which occurred in nine adults during treatment with adriamycin consisted primarily of tachycardia and flattened and inverted T waves. These abnormalities, however, could easily be explained as being secondary to chronic pulmonary insufficiency (resulting from metastases, emphysema, bronchopneumonia), ascites, and anaemia. Only in one instance-a patient with carcinoma of the parotid who was in excellent general condition-were tachycardia and mild flattening of T waves in V2, V4, and V6 the direct effect of the drug, since these abnormalities disappeared completely after adriamycin was stopped.
Discussion
Two anthracycline compounds, daunomycin and rubidomycin (daunorubicin), with the same chemical structure have been extensively studied during the past five years and found to have similar biological properties and therapeutic activity (Tan et al., 1967; Malpas and Scott, 1968 ; Boiron et al., 1969; Holton et al., 1969) . Both drugs caused prompt and severe bone marrow depression as well as producing several other toxic effects, such as gastrointestinal disturbances, fever, alopecia, generalized rash, mouth ulceration, and occasional liver disturbances (Tan et al., 1967) . Cardiac or cardiopulmonary complications also occurred in some cases, usually after a total dose of 25 mg./kg. or more (Macrez et al., 1967; Tan et al., 1967 ; Malpas and Scott, 1968) . Recently, however, some authors (Bonadonna et al., 1968 ; Bonadonna and Monfardini, 1969a; Malpas and Scott, 1969; Marmont et al., 1969) observed the occurrence of an acute irreversible cardiac failure with much smaller doses of daunorubicin, and suggested that cardiac toxicity may be dose-independent in adults and that it can occur abruptly even in the absence of E.C.G. abnormalities before drug administration.
Adriamycin, which also belongs to the anthracycline group, has a structure and molecular weight close to that of daunorubicin. Preliminary pharmacological data, however, have demonstrated that adriamycin has a higher therapeutic index than daunorubicin in the same animal tumours. In man, adriamycin produces toxic effects after few doses even when the drug is administered at the single dosage of 0 4 mg./kg. As expected, children tolerate higher doses than adults. Moreover, patients (Bonadonna and Monfardini, 1969a) . Adriamycin is a vesicant, and occasionally thrombophlebitis or lympharigitis at the site of injection can be observed; it should therefore preferably be injected through the tube of a freely running intravenous infusion. Gastrointestinal disturbances (nausea, vomiting, abdominal cramps, and diarrhoea) seem to be of minor importance, at least in our experience.
In the present series and with the total dosage administered, adriamycin seems devoid of significant cardiac toxicity. Some E.C.G. changes (tachycardia, S-T depression, and flattening of T waves) were observed in a few adults during the course of treatment. These usually occurred in patients with widespread disease not responding to treatment. Furthermore, the abnormalities did not increase on further drug administration, nor were they associated with hypotension and dyspnoea as was observed in patients treated with daunorubicin (Bonadonna and Monfardini, 1969a) . Since this type of E.C.G. changes without clinical signs of cardiac insufficiency are often seen in patients with widespread malignant tumours, we believe that those observed in this study were probably not directly related to drug effects, but rather to progression of metastatic disease in the lungs or to severe anaemia. In the only patient for whom this interpretation does not seem to be acceptable the E.C.G. abnormalities were very mild and transient, and were not associated with clinical symptoms of heart failure. The problem of cardiac toxicity deserves more extensive study in a larger group of patients.
The administration of adriamycin induced remissions in acute lymphoblastic and chronic (myeloid and lymphocytic) leukaemias as well as in nine histologically different types of solid tumouTr. In all responsive cases regressions occurred promptly.
A definite objective improvement was observed with all doses (04, 0-65, and 0 8 mg./kg.) and with all types of schedules. The drug appears, therefore, to be a very potent growth-inhibiting compound, and in comparison with daunorubicin lower doses are sufficient to produce therapeutic effects. As already extensively reported with daunorubicin, this preliminary clinical evaluation shows that the regression obtained with adriamycin is usually short-lived, and despite maintenance treatment the neoplastic disease tends to progress after a limited period of time. Furthermore, adriamycin cannot be handled easily as a maintenance drug because of rapidly recurrent toxic effects. Further clinical experience will certainly clarify this point; however, we believe that adriamycin could be classified among those drugs (such as HN2, vincristine, and daunorubicin) which are indicated to induce tumour regression rather than to maintain it.
